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Description 

[0001] The present invention relates to a magnetic 
memory device using a ferromagnetic material, and 
more particularly to a non-volatile solid-state memory s 
utilizing a ferromagnetic tunneling junction (MTJ). 
[0002] In recent years, in a sandwich film in which one 
layer of a dielectric body is Inserted between two mag- 
netic metallic layers, there has been discovered a mag- 
netoresistive element which can read a change In re- 
sistance by passing a tunneling current to a film surface 
In the vertical direction and utilizing this tunneling cur- 
rent, which is aso-called MTJ element (MagneticTunnel 
Junction element). 

[0003] In regard to the ferromagnetic tunneling Junc- 
tion, there has been reported the fact that a rate of 
change in magnetoresistance which is not less than 
20% can be obtained (see J. Appl. Phys. 79,4724 
(1996), for example). Therefore, the possibility of appli- 
cation to a magnetic head or a magnetic random access 
memory (MRAM) has been increased (see USP 
6,640,343, and USP 5,734,605). This ferromagnetic 
tunneling junction forms a tunneling barrier layer com- 
prising AlOj^ by forming a film of a thin Al layer having a 
thickness of 0.4 nm to 2.0 nm on a ferromagnetic elec- 
trode and then exposing its surface to pure oxygen or 
oxygen glow discharge or oxygen radical. 
[0004] Further, there is proposed a ferromagnetic sin- 
gle tunneling junction having a structure in which an an- 
tlferromagnetic layer is given to one ferromagnetic layer 
of the ferromagnetic single tunneling junction and that 
ferromagnetic layer is determined as a magnetically 
pinned layer (see Jpn. Pat. Appln. KOKAI Publication 
No. 10-4227). This ferromagnetic tunneling junction el- 
ement (ferromagnetic single tunneling junction), howev- 
er, likewise has a problem that the rate of change in the 
magnetoresistance (MR ratio) is greatly reduced when 
the value of the voltage to be applied to the ferromag- 
netic tunneling junction element is increased in order to 
obtain a desired output voltage value. 
[0005] Furthermore, there is proposed a ferromagnet- 
ic tunneling junction having magnetic particles dis- 
persed in a dielectric body or a ferromagnetic double 
tunneling Junction (see Jpn. Pat. Appln. KOKAI Publica- 
tion No. 9-260743, Phys. Rev B 56(10), R5747 (1997), 
Journal of the Magnetic Society of Japan 23, 4-2, 
(1999), Appl. Phys. Lett. 73(19), 2829 (1998)). In these 
junctions, since the rate of change in the magnetoresist- 
ance which is not less than 20% can be obtained, the 
possibility of application to a magnetic head or a mag- 
netoresistive memory device has emerged. 
[O0O6] In these ferromagnetic double tunneling junc- 
tions, since reduction in the MR ration Involved by a bias 
voltage is small as compared with the ferromagnetic sin- 
gle tunneling junction, they have a characteristic that a 
large output can be obtained. 

[0007] A magnetic memory element using the ferro- 
magnetic single or double tunneling junction is non-vol- 
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atile, and a writing/reading time is as fast as 1 0 nsec or 
below. It has a potential ability that a number of times of 
rewriting is not less than 1 0"*^ and a cell size can be re- 
duced as small as a DRAM (Dynamic Random Access 
Memory). 

[0008] In particular, the magnetic memory element 
using the ferromagnetic double tunneling junction can 
suppress reduction In the rate of change In the magne- 
toresistance even If a value of a voltage to be applied to 
the fen'omagnetlc tunneling junction element is in- 
creased in order to obtain a desired output voltage value 
as described above, and hence a large output voltage 
can be assured, thereby demonstrating a characteristic 
which is preferable as the magnetic memory element. 
[0009] However, since the magnetic memory element 
using the ferromagnetic single or double tunneling junc- 
tion utilizes a ferromagnetic material, it has a problem 
that power consumption at the time of writing Is large 
when a memory capacity is increased and a cell width 
of the ferromagnetic tunneling junction is decreased, as 
compared with a competing memory such as a FeRAM 
(Ferroelectric Random Access Memory), a flash mem- 
ory or the like. 

[0010] When a switching magnetic field is increased, 
not only power consumption during writing is increased, 
but also the density of an electric current caused to flow 
to a word line and a bit line In order to invert a spin is 
increased and a problem of EM (Electro-Migration) oc- 
curs when the high density of an MRAM (Magnetic Ran- 
dom Access Memory) is realized and the design rule is 
minimized. 

[0011] Based on a result of the electromagnetic field 
simulation for an electromagnetic field distribution and 
the intensity in a direction within an MTJ cell plane when 
the design rule is 0.1 fim, it can be understood that the 
intensity of the electromagnetic field Is the order of 10 
Oersted (Oe) at the highest even in cases where the 
density of the electric current caused to flow to wirings 
is assumed to be 5 x 1 0^ A/cm2. 
[0012] Furthennore, when the capacity of the MRAM 
is approximately 1 Gbit and a distance between adja- 
cent cells Is approximately 0.1 ^m, the magnetic field 
applied to the adjacent cells becomes approximately 
80% Of the magnetic field applied to ceils on the wirings, 
and there may occur a problem of the interference be- 
tween cells, i.e., so-called crosstalk. 
[0013] In order to solve the problem of crosstalk, there 
is proposed changing a direction of a magnetization 
easy axis between the adjacent cells to a different di- 
rection (see USP 6,005,800). The shape of cells must 
be formed without irregularities In orderto use this meth- 
od. However, when the capacity of the MRAM Is In- 
creased and the cell size Is reduced, the forming accu- 
racy is hard to be controlled, and there are irregularities 
in the switching magnetic field of cells, which results in 
a problem that the crosstalk can be hardly eliminated. 
[0014] Moreover, the size of the switching magnetic 
field depends on a cell size of the MTJ, a cell shape, a 
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magnetization characteristic of a material, a film thick- 
ness or the like. For example, when the cell size of the 
MTJ becomes small as described above, the switching 
magnetic field of the spin is increased due to the influ- 
ence of the demagnetizing field. 5 
[001 5] As to the cell shape, a magnetic domain is pro- 
duced at an end portion in case of a rectangular cell 
shape, the remanence is decreased, and the step-like 
Barkhausen jump occurs. In addition, variations are 
generated in the switching magnetic field depending on io 
how the magnetic domain is produced. When the cell 
shape is elliptical, a single domain structure can be ob- 
tained and the MR ratio is not lowered. However, there 
is a problem of a large degree of the increase in the 
switching magnetic field as a function of the reduction i5 
in the cell width. 

[0016] Additionally, in order to solve these problems, 
there are proposed a structure characterized in that a 
magnetic memory cell is provided at a part where bit and 
word lines cross each other substantially at right angles 
and shape of the cell is asymmetric with respect to the 
magnetization easy axis, and a structure in which the 
easy axis is somewhat inclined from the direction of wir- 
ings (see USP 6,104,633) 

[0017] As to the shape control, however, when the 25 
density of the MRAM is increased and the' cell size is 
reduced as described above, the fomiing accuracy can 
not be disadvantageously controlled, and irregularities 
are generated in the switching magnetic field of the cell. 
[0018] Further, in the structure having the easy axis 30 
of the cell being somewhat inclined from the direction of 
wirings, the switching magnetic field is reduced, but the 
problem of crosstalk becomes serious when the density 
is increased. 

[0019] In order to solve these problems (increase in 35 
the switching magnetic field involved by crosstalk and 
reduction in the cell width), it can be considered that the 
magnetic shield must be provided to the wirings (see 
USP 5.659,499, USP 5,940,319, and WO 200010172). 
When the magnetic shield is provided to the wirings, not 40 
only a value of the electromagnetic field is increased but 
also the problem of crosstalk can be soh/ed. 
[0020] Assuming that the cross-sectional aspect ratio 
of the bit line and the word line is 1 :2 and distances be- 
tween the bit line and a recording layer and between the 
word line and the recording layer are 1 0 nm and 50 nm, 
respectively and that the density of the electric current 
caused to flow to them is 2.5 x 10® A/cm^ which is a 
realistic value, the current magnetic field generated in 
the MTJ cell is 87 Oersted (Oe). However, when the cell so 
width is determined to be not more than 0.1 by using 
CoggFe^Q which is softest in Co-Fe having the large MR 
ratio, the switching magnetic field reaches approximate- 
ly 200 Oersted (Oe), and a further new cell structure and 
a memory structure are required in order to realize a 1 55 
Gbit MRAM. 

[0021] Furthermore, in case of using the ferromagnet- 
ic tunneling junction as a magnetic head material for 



HDD (Hard Disk Driver), there is proposed a structure 
in which a hard bias layer is provided adjacent to the 
ferromagnetic tunneling junction in order to reduce the 
Barkhausen noise (see USP 5,729,410. and USP 
5,966,012). However, using the hard bias layer is not 
preferable for reducing the switching magnetic field. 
[0022] As described above, when the density of the 
MRAM Is increased, the MRAM has a problem of large 
power consumption during writing, a problem of cross- 
talk and a problem of electromigration (EM) as com- 
pared with competing memories such as a FeRAM, a 
flash memory and the like. 

[0023] Therefore, there is desired realization of a 
magnetic memory device having a memory structure 
and a wiring structure which can reduce power con- 
sumption during writing and does not have a problem or 
crosstalk or EM. 

[0024] According to a first aspect of the present inven- 
tion, there is provided a magnetic memory device com- 
prising: 

a plurality of magneto resistive elements arranged 
on a first plane in rows and columns; 
a plurality of first writing lines arranged on a second 
plane different from the first plane adjacent to the 
magnetoresistive elements, respectively; 
a first address decoder which selects a desired one 
from a plurality of the first writing lines; 
a plurality of second writing lines crossing the plu- 
rality of first writing lines on a third plane different 
from the second plane and having parts adjacent to 
the plurality of magnetoresistive elements and par- 
allel to the plurality of first writing lines; and 
a second address decoder which selects a desired 
one from the plurality of second writing lines. 

[0025] According to a second aspect of the present 
invention, there is provided a magnetic memory device 
comprising: 

a first writing line arranged on a first plane; 
a second writing line arranged on a second plane 
different from the first plane and has a first part ex- 
tended from one direction vertical to the first writing 
line, a second part connected to the first part at one 
end portion thereof and overiaps the first writing 
line, and a third part connected to the second part 
at the other end portion thereof, and extended ver- 
tically to the first writing line on an opposite side of 
the first part, the relationship of 2a > b > 0 being 
obtained provided that a line width of the first and 
second writing lines is a and a shortest distance be- 
tween a central line of the first part and a central 
line of the third part of the second writing line is b; 
and 

a magnetoresistive element sandwiched between 
the first writing line and the second part of the sec- 
ond writing line and connected to either the first writ- 
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ing line or the second writing line. 

[0026] According to a third aspect of the present in- 
vention, there is provided a magnetic memory device 
comprising: ^ 

a plurality of ferromagnetic tunneling junction ele- 
ments arranged on a first plane in a matrix fonn, 
each having at least two ferromagnetic layers In- 
cluding a magnetic recording layer and at least one io 
tunneling barrier layer therebetween; and 
a plurality of soft magnetic bias layers provided at 
both ends of the plurality of f en^omagnetic tunneling 
junction elements in a magnetization easy axial di- 
rection and having magnetism softer than the mag- 75 
netic recording layer. 

[0027] This summary of the Invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 20 
scribed features. 

[0028] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

25 

FIG. 1 is a schematic view showing a memory cell 
layout in a first embodiment according to the 
present invention; 

FIG. 2A is a cross-sectional view taken along the 
line 2A-2A in FIG. 1 ; 30 
FIG. 2B is a cross-sectional view taken along the 
line 2B-2B in FIG. 1 ; 

FIG. 3 is a block diagram typically showing a struc- 
ture of a memory cell array in embodiments accord- 
ing to the present invention; 35 
FIG. 4A is a view illustrating a cell selection principle 
during the writing operation in a conventional cross 
point method; 

FIG. 4B is a view illustrating a cell selection principle 
during the writing operation in the first embodiment; 4o 
FIGS. 6A to 5C are views typically showing varia- 
tions of a cross shape of first and second writing 
lines in the first embodiment; 
FIG. 6 is a view typically showing a memory cell lay- 
out In a second embodiment; 45 
FIG. 7A Is a cross-sectional view taken along the 
line 7A-7A in FIG. 6; 

FIG. 7B is a cross-sectional view taken along the 
line 7B-7B in FIG. 6; 

FIG. 8 is a schematic view showing a memory cell so 

layout in a third embodiment; 

FIG. 9 is a schematic view showing a memory cell 

layout in a fourth embodiment; 

FIG. 1 0 is a schematic view showing a memory cell 

layout in a fifth embodiment; 55 

FIG. 11 is a perspective view showing a basic con- 

fomiation of a magnetic memory element according 

to sixth to ninth embodiments; 



FIG. 12 Is a typical perspective view showing the 
arrangement of MTJ cells in a conventional cross 

point; 

FIG. 13 is a view comparing a switching magnetic 
field curve (A) obtained when using the basic con- 
fomiation according to the present invention with a 
conventional switching magnetic field curve (B); 
FIG . 1 4 is a circuit diagram. showing an architecture 
of a magnetic memory device according to the sixth 
embodiment; 

FIG. 15 is a circuit diagram showing an architecture 
of a magnetic memory device according to the sev- 
enth embodiment; 

FIG. 16 is a circuit diagram showing an architecture 
of a magnetic memory device according to the 
eighth embodiment; 

FIG. 17 Is a view comparing a switching magnetic 
field curve (C) of the magnetic memory device ac- 
cording to the eighth embodiment with a conven- 
tional switching magnetic field cun^e (D); 
FIG. 18 is a circuit diagram showing an architecture 
of a magnetic memory device according to the ninth 
embodiment; 

FIG. 19 is a schematic plan view showing the state 
of an upper wiring, an underpart wiring and an MTJ 
cell in the ninth embodiment; 
FIG. 20 is a schematic cross-sectional view show- 
ing one memory cell in the ninth embodiment; 
FIG. 21 is a schematic view showing a memory cell 
layout in a tenth embodiment; 
FIG. 22A is a cross-sectional view taken along the 
line 22A-22A in FIG. 21; 

FIG. 22B is a cross-sectional view taken along the 
line 22B-22B in FIG. 21; 

FIG. 23 is a schematic layout view showing a mem- 
ory cell structure in the tenth embodiment; 
FIGS. 24A and 24B are schematic layout views 
showing memory cell structures in an 1 1th embod- 
iment; 

FIG, 25 is a view illustrating a cell selection principle 
during the writing operation in the 11th embodiment; 
FIG. 26 is a schematic view showing a memory celi 
layout In a 12th embodiment; 
FIG. 27A is a cross-sectional view taken atong the 
line 27A-27A in FIG. 26; 

FIG. 27B is a cross-sectional view taken along the 
line 27B-27B in FIG. 26; 

FIG. 28 is a schematic plan view showing a basic 
conformation of a magnetic memory device includ- 
ing a soft magnetic bias layer; 
FIGS 29A to 29D are type drawings showing ex- 
amples of the cell shape (plan views) of the mag- 
netic memory device including the soft magnetic bi- 
as layer; 

FIG. 30 is a view comparing a switching magnetic 
field curve (E) of a magnetic memory device accord- 
ing to a 1 3th embodiment with a switching magnetic 
field curve (F) of the magnetic memory device ac- 
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cording to the eighth embodiment; 
FIG. 31 Is an element cross-sectional view showing 
an example of the layer structure of an MTJ cell 
used in the embodiments according to the present 

invention; 

FIG. 32 is an element cross-sectional view showing 
another example of the layer structure of the MTJ 
cell used In the embodiments according to the 
present invention; and 

FIG. 33 is an element cross-sectional view showing 
still another example of the layer structure of the 
MTJ cell used in the embodiments according to the 
present invention. 

[0029] A memory cell of an MRAM usually has a struc- 
ture In which a plurality of ferromagnetic materials are 
laminated. Infomnation Is recorded by associating the 
fact that the relative arrangement of magnetization of a 
plurality of ferromagnetic materials constituting the 
memory cell is parallel or antlparallel with binary infor- 
mation "1" or "0". Recorded information is written by 
switching a direction of magnetization of the ferromag- 
netic materials of each cell by an electromagnetic field 
generated by causing an electric current to flow to writ- 
ing lines arranged in the cross stripe form. 
[0030] Power consumption when maintaining record- 
ed information is zero In principle, and the memory Is a 
non-volatile memory by which recorded information is 
maintained even if a power supply is tumed off. Record- 
ed information is read by utilizing a phenomenon that 
the electric resistance of the memory cell varies depend- 
ing on a relative angle of the direction of magnetization 
of the ferromagnetic materials constituting the cell and 
a sense current or depending on a relative angle of mag- 
netization between a plurality of ferromagnetic layers, i. 
e.. a so-called magnetoreslstive effect. 
[0031] In order to develop the MRAM which has a de- 
gree of Gbit class integration, there are some problems 
to be solved. One of such problems is reduction in a writ- 
ing current. In the conventionally proposed MRAM, the 
current is passed to wirings, and a resulting magnetic 
field is used to invert magnetization of a recording layer 
of the MTJ element. 

[0032] Although the intensity of the magnetic field 
generated from the wirings varies depending on a cur- 
rent value of the wirings and a distance between the wir- 
ing and the MTJ element, it is approximately several Oe/ 
mA In conventionally known report examples. Further, 
a magnetization inversion threshold value (which will be 
defined as a switching magnetic field Hsw hereinafter) 
of the recording layer of the MTJ element Is Increased 
In Inverse proportion to a size of the MTJ element In the 
direction of the magnetization hard axis (which will be 
defined as a cell width w hereinafter), which Is ex- 
pressed as follows: 



Hsw=HsWo + A/w (1) 

where HswO is a switching magnetic field of a bulk. Fur- 
^ thermore, A is a constant which depends on a shape, a 
material or the like of the cell, and a conventionally know 
value of A is 1 0 to 20 Oe \im. 

[0033] Taking the reliability of the wiring into consid- 
eration, electromigration gives one restriction. The elec- 
tromigration is accelerated with the wiring current den- 
sity, and the current density upper limits In the Al-Cu wir- 
ing and the Ou wiring currently used in manufacture of 
LSI are approximately 10^ A/cm^ and 10^ A/cm^, re- 
spectively. 

15 [0034] Considering manufacture by the rule of 0.1 jim 
required for realizing a degree of Gbit class integration, 
the upper limit of a value of the current which can flow 
to the wiring is approximately 1 mA even if the Cu wiring 
is used, and a value of the resulting magnetic field is 
approximately several Oe. On the other hand, the 
switching magnetic field of the MTJ whose size Is ap- 
proximately 0.1 iim is several tens of Oe or above in 
accordance with the expression (1). That is, the Gbit 
class MRAM is hardly realized with the current technol- 

25 ogy. 

[0035] On the other hand, there is a problem of inter- 
ference during writing between adjacent cells as anoth- 
er problem for development of the MRAM. That is, in the 
MRAM, a plurality of writing lines are arranged so as to 

30 be substantially orthogonal to each other, and they form 
a cross matrix. During the writing operation, two orthog- 
onal writing lines are selected, and inversion of magnet- 
ization of the recording layer in the selected MTJ cell is 
thereby caused by a synthetic magnetic field generated 

35 at an intersection. 

[0036] In this case, besides the selected cell, there Is 
a half-selected cell which receives the magnetic field 
from either the vertical wiring or the horizontal wiring. 
Therefore, in order to prevent erroneous writing into the 
half-selected cell, a rewriting current value must be ad- 
justed so as to invert the selected cell and not to Invert 
the half-selected cell during the writing operation. In a 
large-scale array, since a distribution Is generated in the 
switching magnetic field of the MTJ cells, an allowable 
range of the rewriting current value generally becomes 
very small. 

[0037] As described above, in order to develop the 
Gbit class MRAM, the two major problems are: (1) In- 
crease in the magnetic field generation efficiency from 

50 the wiring; and (2) increase in the allowable range of the 
rewriting current value in order to avoid erroneous writ- 
ing into the half-setected cell during the writing opera- 
tion. However, there is not known a method which pro- 
vides a structure suitable for the MTJ cell which is a ver- 

55 tical current element and solves the above two prob- 
lems. The following embodiments provide a method 
which can solve such problems and realize a hlgh- 
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speed low-power-consumption magnetic memory de- 
vice which has a recording capacity of not less than sev- 
eral Gblt. 

[0038] Preferred embodiments according to the 
present invention will now be described hereinafter with 
reference to the accompanying drawings. 



(First Embodiment) 



[0039] FIG. 1 Is a plan view typically showing a cell 
layout according to a first embodiment of the present 
invention. Moreover, FIG. 2A is a cross-sectional view 
of a memory cell taken along the line 2A-2A of FIG. 1 , 
and FIG. 2B is a cross-sectional view of the memory cell 
taken along the line 2B-2B of FIG. 1. It is to be noted 
that FIG. 1 is a bottom view seen from a substrate sur- 
face side (lower side) for facilitating understanding. 
[0040] In FIG. 1. reference numerals 11 and 12 de- 
note first writing lines; 21 and 22, second writing lines- 
101 and 102, MTJ elements (cells); and 31 and 32, con- 
tact holes. In addition, in FIGS. 2A and 28, reference 
numeral 41 designates a lower electrode; 501 and 502, 
diffusion areas of selected transistors; and 51, a word 
line of a selected transistor. The first writing lines and 
the second writing lines are electrically insulated. In ad- 
dition, the second writing lines are electrically connected 
to the MTJ elements, and also serve as data lines. 
[0041] As shown In FIG. 1, the memory cell in the 
magnetic memory device according to the first embod- 
iment is mainly comprised of the first writing lines, the 
second writing lines and the MTJ cells. The first wr^iting 
lines and the second writing lines are arranged on 
planes different from each other and configured to sand- 
wich the MTJ cells in the direction vertical to the film 
surface. Incidentally, FIGS. 2A and 2B show the struc- 
ture in which the second writing lines are provided in the 
upper layerof the first writing lines, but the reverse struc- 
ture is also possible, 

[0042] The first writing lines and the second writing 
lines are orthogonal to each other when taking a bird's 
eye view of them, and form the cross matrix. On the oth- 
er hand, in thevlcinityof an intersection, the first writing 
line and the second writing line run In parallel with each 
other. The first writing line runs parallel for a fixed length 
and then Is bent at a right angle. As a result, the first 
wnting line has a zigzag shape. The second writing line 
is straight In a memory array area. 
[0043] The MTJ cell is arranged in an area where the 
first writing line and the second writing line ain in parallel 
with each other The direction of a magnetization easy 
axis of the MTJ cell is arranged vertically with respect 
to the second writing line running direction. 
[0044] In the first embodiment, each of the first writing 
line and the second writing line is fomned to have a width 
F (minimum line width in the design rule), and an area 
of the memory cell is 1 0F2. 

[0045] FIG. 3 typically shows the stojcture of a mem- 
ory cell array 100 according to the embodiments of the 



present Invention. In the memory cell array 100 the 
memory cells (MTJ cells) 101. 102 or the like are ar- 
ranged in a matrix form. 

[0046] As described above, the first writing lines 10 
5 including 11 , 12 or the like and the second writing lines 
20 Including 21 . 22 or the like are substantially orthog- 
onal to each other and connected to writing line drivers 
through address decoders 110 and 120. The two ad- 
dress decoders 110 and 120 are connected to an I/O 
10 ijne. respectively As a result, a writing address with re- 
spect to an ariDltrary memory cell can be designated by 
for example, associating a higher part address and a 
lower part address in signals from the address buss of 
the I/O line with selection of the first and second writinq 
'5 lines. 

[0047] It is preferable that the MTJ cell has a spin 
valve structure In which a single tunneling barrier, a 
pinned layer having ferromagnetic alloy or a multi-layer 
film including Fe, Ni and Co and at least one layer of an 
^0 antiferromagnetic thin film such as PtMn being laminat- 
ed Is arranged on one side of the tunneling bamer and 
a recording layer comprised of ferromagnetic alloy in- 
cluding Fe, Ni and Co or a multi-layer film is arranged 
on the other side. 
25 [0048] Additionally, when the MTJ cell has the dual 
spin valve structure, a further preferable conformation 
can be obtained because drop in the rate of change in 
the magnetoresistance relative to the element applica- 
tion voltage can be reduced and the withstanding volt- 
30 age can be increased. The dual spin valve type structure 
means a structure in which the MTJ cell has two layers 
of the tunneling barriers, and pinned layers each having 
ferromagnetic alloy or a ten-omagnetic multi-layer film 
including Fe, Ni and Co and a high-coercivity layer in- 
35 eluding at least one layer of an antiferromagnetic thin 
film of, e.g., PtMn being laminated is arranged on the 
outer sides of the two tunneling barriers, whilst a record- 
ing layer comprised of ferromagnetic alloy or a multi-lay- 
er film including Fe, NI and CO is arranged in an inter- 
40 mediate layer sandwiched between the two tunneling 
barriers. 

[0049] The method for writing infonnation in the first 
embodiment will now be described with reference to 
FIGS. 4A and 4B. FIG. 4A shows a conventionally uti- 
45 iized writing method and FIG. 48 illustrates a method 
according to the first embodiment. The prior art example 
will be first described taking FIG. 4A as an example. 
[0050] The process of magnetization of a ferromag- 
netic material having a sub-micron size used for the 
50 MRAM can be explained by presuming a single domain 
model with existence of the uniaxial anisotropy At this 
moment, assuming that a threshold value of magnetiza- 
tion inversion (which will be defined as a switching mag- 
netic field Hsw hereinafter) is Hsw. Hsw, the magnetic 
55 field In the hard axis Hx and the magnetic field in the 
easy axis Hy have the following relationship: 
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L, 2/3 Lj 2/3 L, 2/3 

Hx + Hy = Hsw (2) 

FIG. 4A shows a part of an asteroid curve typically show- 
ing the expression (2). 

[0051] In the prior art example, orthogonal magnetic 
fields In the two directions are used, and a value of the 
unidirectional magnetic field (Hx, Hy) Is determined so 
that the synthetic magnetic field thereof exceeds the 
threshold value. In the cross matrix type array structure, 
there exists a half-selected cell which receives the mag- 
netic field in only the hard axis direction or the easy axis 
direction. If an ideal single domain model is presumed, 
an erroneous writing margin relative to the half-selected 
cell Is Hx - Hy, which Is maximal. Therefore, the writing 
operation Is generally carried out maintaining the con- 
dition of Hx = Hy. 

[0052] Assuming an Ideal single domain structure, 
minimum values Hxmin and Hymin of the unidirectional 
magnetic fields can be obtained by solving the expres- 
sion (2) and the following expression: 

Hx = Hy (3) 
Also, the following expression can be obtained: 

Hxmin = HymIn = 2"^Hsw = 0.35 Hsw 

The value of the magnetic field is reduced as compared 
with the case of simply synthesizing a half of the switch- 
ing magnetic field, i.e., 0.5 Hsw. 

[0053] The method of the first embodiment will now 
be described with reference to FIG. 4B. 
[0054] This embodiment is characterized in that the 
first writing line and the second writing line run in parallel 
with each other in the vicinity of the MTJ cell. However, 
an area in which the first writing line runs in parallel with 
the second writing line is limited, and the direction of the 
magnetic field generated by the first writing line actually 
has a finite angle relative to the magnetic field generated 
by the second writing line. 

[0055] This point will be again explained based on 
FIGS. 5A to 5C. 

[0056] That is, as shown in FIG. 5A, the current slant- 
ingly flows in an area where the first writing lines is bent. 
It is understood that the current flows giving priority to 
an impedance minimum path. Although the flow actually 
becomes complicated since a current distribution is gen- 
erated in the wiring, it can be understood that a relative 
angle of the magnetic fields Hx and Hy generated from 
the first writing wiring and the second writing wiring Is 
detemnined by an angle 9 = tan""* (b/a) defined by a wiring 
width a and a length of a bent portion b In the first ap- 
proximation. 

[0057] In this case, selection of a cell by the magnetic 



fields obtained from the first and second writing lines is 
carried out as follows. As shown In FIG. 4B, the mag- 
netic field Hy obtained from the second writing line is 
parallel with the magnetization easy axis. For example, 
5 when an arc having a radius Hxmin is described from 
an end y = Hymin of the magnetic field Hy, the arc cross- 
es the switching curve represented by the expression 
(2). That Is, the synthetic magnetic field exceeds the 
switching curve, and inversion of magnetization occurs. 
As described above, it is good enough to describe the 
arc having a radius Hx from the end of Hy and determine 
Hy and Hx in such a manner that the arc crosses the 
switching curve. The relative angle of Hx and Hy is de- 
termined In a range of two intersections of the arc and 
the switching curves. The erroneous writing margin rel- 
ative to the half-selected cell becomes maximum when 
Hx = Hy as similar to the prior art. 
[0058] In FIGS. 4A and 4B, figures are drawn provid- 
ed that Hxmin and Hymin have the same length 
2-3/2hxw. As apparent from FIG. 4B, the arc crosses the 
switching curve and extends outwards in a range of ap- 
proximately e = 20 to 90** in the first embodiment, and 
this figure shows that the writing magnetic field has a 
margin. The accurate range is given as solutions of the 
expression (2) and the following expression (4): 

Hx^ ^r (Hy - 2"^Hsw)^ = (2'^Hsw)^ (4) 

That Is. in the first embodiment, the current value re- 
quired for writing can be reduced as compared with the 
prior art, and this is a significant advantage of the 
present invention, 

[0059] Further, as can be understood from FIG. 4B, 
the writing current value becomes minimum in the vicin- 
ity of a point at which the relative angle of Hx and Hy is 
30°-60°. The relative angle which provides the minimum 
value can be obtained when values of Hx and Hy are 
detennined. Such a relative angle can be controlled by 
the wiring shape as described above. 
[0060] FIG. SB shows an example where the wiring 
width a and the' bent length b are equal to each other 
and the relative angle is set to approximately 45°. Fur- 
thermore, FIG. 5C shows an example in which the bent 
portion Is formed with an angle of inclination 45'' in stead 
of the right angle. The great advantage of the present 
invention lines In that the optimum writing operation 
point can be set by controlling the shape of the wiring 
bent portion in this manner. 

[0061] When the line width of the two writing lines Is 
a and the bent length (distance between central lines of 
two parallel lines of the bent line) Is b as described 
above, b = 2a in FIG. 5A and b = a in FIGS. 5B and 5C. 
Since the advantage of the present invention can be ob- 
tained If the current path of one of the crossing two writ- 
ing lines is vertical or somewhat Inclined, It is preferable 
to have the relationship 2a > b > 0. 
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[0062] However, the operation with Hx and Hy being 
parallel with each other Is possible by the method for 
sufficiently making the length of the bent portion longer 
than the wiring width or the method of using a magnetic 
shield as will be described later. s 

(Second Embodiment) 

[0063] FIG. 6 is a plan view typically showing from a 
substrate surface side a cell layout according to a sec- io 
ond embodiment. FIG. 7A is a cross-sectional view of a 
memory cell taken along the line 7A-7A in FIG. 6, and 
FIG. 7B is a cross-sectional view of the memory cell tak- 
en along the line 7B-7B. In FIGS. 6 and 7, reference 
numerals 11 and 1 2 denote first writing lines; 21 and 22, 15 
second writing lines; 101 and 1 02, MTJ cells; 41 and 42^ 
lower electrode wirings. The first writing line and the sec- 
ond writing line are electrically Insulated. Moreover, the 
second writing line is electrically connected to the MTJ 
cell and also serves as a data line. 20 
[0064] In the second embodiment, a cell selection 
transistor is not provided, and the MTJ cell is arranged 
at an intersection of a cross matrix comprised of the sec- 
ond writing line which also serves as the data line and 
the lower electrode wiring. Although the lower electrode 25 
wiring can be eliminated and the MTJ cell can be ar- 
ranged by, e.g., connecting the first and second writing 
wirings in the second embodiment, care must be taken 
to a potential difference between the wirings caused 
during the writing operation. In such case, it is possible 30 
to utilize a method of, e.g., avoiding application of a high 
voltage by connecting an element which has rectifica- 
tion to the MTJ ceil in series or providing rectification to 
the MTJ cell or the circuit contrivance. 
[0065] In the second embodiment, both the first writ- 35 
ing line and the second writing line are formed to have 
a width F, and an area of the memory cell becomes 8F2. 
The cell area is more reduced as compared with the first 
embodiment because formation of a contact from the 
MTJ cell to the lower semiconductor element is not nec- 40 
essary since the cell selection transistor is not used. It 
is to be noted that an area of the memory cell also varies 
depending on a shape of the bent portion. When the 
length of the bent portion is shortened so as to approx- 
imate the relative angle of Hx and Hy to 30^-60^, the cell 45 
area is also reduced, which Is preferable. 



(Third Embodiment) 

[0066] FIG. 8 is a plan view typically showing a cell 
layout according to a third embodiment, and rectangular 
MTJ cells 101 and 102 are used. As similar to the first 
embodiment, reference numerals 11 and 12 denote first 
writing lines, and 21 and 22 designate second writing 
lines. 

[0067] Since the magnetization easy axis is stabilized 
along the longitudinal direction of the rectangular ferro- 
magnetic material due to the shape anisotropy, the rec- 



tangular ferromagnetic material is preferable to the 
memory cell application. As an aspect ratio, 1 .5 or above 
is preferable, and approximately 3 to 4 is suitable. It is 
good enough to design the aspect ratio and the cell 
shape so as to obtain the desired characteristb of the 
cell. 

[0068] In the third embodiment, 3 is presumed as the 
aspect ratio of the MTJ cell. The second writing line has 
a width of 3F, and the first writing line has a width of 3F 
in a parallel area and a width of F In an orthogonal area. 
An area of the memory becomes 20F2. 
[0069] As in the third embodiment, when wiring for- 
mation is carried out by using different widths in the par- 
allel area and the orthogonal area, the cell area can be 
greatly reduced, which is a preferable conformation. 

(Fourth Embodiment) 

[0070] FIG. 9 is a plan view typically showing a cell 
layout according to a fourth embodiment. The basic cell 
arrangement in this embodiment is the same as that in 
the third embodiment. The fourth embodiment is char- 
acterized In that one ends of the second writing lines 21 
and 22 are connected to each other in the memory cell 
outer part and a common writing line 21c is thereby 
formed; In such a structure, by passing the writing elec- 
tric current to the first writing line 11 and the common 
writing line 21c, complementary writing can be realized 
with respect to the MTJ cells 1 01 and 1 02. 
[0071] Incidentally, although the common writing line 
is f ornied to the second writing line in the fourth embod- 
iment, it may be formed by using the first writing line. 
That is, it is good enough that the magnetization direc- 
tions of the recording layers of the adjacent cells are 
constantly anti-parallel with each other. Incidentally, It is 
needless to say that the structure satisfying this condi- 
tion is included in the present invention without depart- 
ing from a scope of the invention. 
[0072] In the fourth embodiment, 3 is presumed as an 
aspect ratio of the tunneling junction element. The sec- 
ond writing line has a width of 3F and the first writing 
line has a width of 3F in the parallel area and a width of 
F in the orthogonal area. An area of a single memory 
cell becomes 28F2. 

(Fifth Embodiment) 



[0073] FIG. 1 0 Is a plan view typically showing a cell 
layout according to a fifth embodiment. The fifth embod- 

50 iment is characterized in that the first writing line and the 
second writing line have the same seniform shape and 
they rotate 90° to cross each other In the fifth embodi- 
ment, there are two types of areas in which the first and 
second writing lines run in parallel with each other. That 

55 Is, in the drawing, one is an area defined by a broken 
line sun-oundlng the MTJ cell 101, and the first writing 
line and the second writing line run vertically to a lower 
side of the page space. The other one is an area defined 
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by a broken line surrounding the MTJ cell 102, and the 
first writing line and the second writing line run in parallel 
to the lower side of the page space. In the fifth embod- 
iment, the aspect ratio of the MTJ cell is 1 , the first and 
second writing lines have a width of F, and an area of 
the memory cell becomes SF^. 

[0074] The magnetization easy axes of the MTJ cells 
101 and 102 arranged in different areas must be differ- 
ent from each other by 90**. Although FIG. 10 shows an 
outside shape of the MTJ cell having the aspect ratio of 
1 , the fifth embodiment is not restricted thereto. Control 
over the magnetization easy axis can be readily realized 
by changing the cell shape as described above. In ad- 
dition, besides the cell shape, the magnetic coupling rel- 
ative to a third ferromagnetic film may be utilized, and 
crystal magnetic anisotropy of the ferromagnetic film 
constituting the ceil may be used. 
[0075] There are two modes for erroneous writing into 
the half-selected cell. One is the mode In cases where 
inversion of magnetization occurs due to the unidirec- 
tional magnetic field at the time of half-selection, and 
this includes a creep phenomenon which can be a prob- 
lem when inversion of magnetization involving move- 
ment of a magnetic wall occurs. In this embodiment, the 
magnetic field applied to the half-selected cell can be 
minimized during the writing operation as compared 
with the prior art, and the erroneous writing margin in 
this mode can be increased. 

[0076] On the other hand, the other one is the mode 
in cases where the half-selected cell can be inverted due 
to a leakage field from the vicinity of the selected cell. 
This is, for example, the case that the half-selected ceil 
which senses Hx is inverted due to lealc of Hy applied 
to the selected cell. This is erroneous writing which oc- 
curs in a cell closest to the selected cell, and the prob- 
ability of occurrence of such writing is higher than that 
in the erroneous writing mode. 

[0077] In the fifth embodiment, for example, when the 
MTJ cell 1 01 Is selected, the magnetization easy axis of 
the half-selected MTJ cell 102 and that of the MTJ cell 
101 provided to the first writing wiring 11 are different 
from each other by 90°. Additionally, the MTJ cells 1 01 
and 102 are arranged with offsets in the directions of x 
and y. Therefore, the leakage field from the second writ- 
ing wiring 21 is applied to the half-selected MTJ cell 1 02 
with angles relative to the directions of the niagnetlza- 
tlon easy axis and the magnetization hard axis. Thus, 
the effective leakage field value can be lowered, and the 
erroneous writing margin can be further increased. 
[0078] Although the first and second writing lines have 
the same serrifomn shape in the fifth embodiment, a con- 
formation different from this structure can be also real- 
ized. That is, the erroneous writing margin can be in- 
creased if it is possible to realize both or either of (1 ) the 
fact that the magnetization easy axes of adjacent cells 
form the relative angle and (2) thef act that adjacent cells 
have offsets in the directions of x and y. It is needless 
to say that the structure satisfying this condition is in- 
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eluded in the present invention without departing from 
the scope of the invention. 

[0079] The first to fifth embodiments have illustrated 
the example In which the first writing line and the second 
5 writing line are arranged so as to be partially parallel to 
each other at an intersection of the two writing lines, and 
the erroneous writing margin of the half-selected cell is 
increased by utilizing the inclination of the electric cur- 
rent path of one zigzag writing line which is fonned be- 
10 tween itself and the electric current path of the other writ- 
ing line. In the following sixth to ninth embodiments, de- 
scription will be given as to an example that the mag- 
netization easy axis of the tunneling junction element is 
Inclined substantially 30°-60° and arranged at the par- 
15 allel wiring portion and the erroneous writing margin of 
the half-selected cell is thereby increased. 
[0080] The essential feature will be first described be- 
fore explaining the sixth to ninth embodiments. The 
memory cell used in the magnetic memory device ac- 
cording to these embodiments has at least one tun- 
neling barrier layer, a recording cell having a ferromag- 
netic tunneling junction having at least two ferromagnet- 
ic layers and at least one antiferromagnetic layer, and 
two writing wirings arranged above and below the re- 
cording cell In parallel with each other, and the long axis 
(magnetization easy axis) direction of the recording cell 
has an angle of substantially 30**-60' with respect to the 
two writing wirings. Further, it is desirable that the two 
wiring wirings are surrounded by a magnetic shield ma- 
terial. 

[0081] In these embodiment, as shown in FIG. 1 1 , the 
upper and lower wirings (the bit line 202 and the writing 
word line 203) of the ferromagnetic tunneling junction 
(MTJ) cell 201 are arranged In substantially parallel with 
each other at least at positions above and below the 
MTJ cell 201 , and they are arranged In such a manner 
that the magnetization easy axis of the MTJ cell 201 is 
directed toward the direction which is approximately 
30*'-60° relative to the wiring direction. Furthermore, a 
shield material 204 Is applied to the wirings above and 
below the MTJ cell of the wirings over the wiring length 
which is 1 .2-fold or above of the longitudinal direction of 
the MTJ cell. It is to be noted that reference numeral 205 
denotes a reading word line orthogonal to the bit line 
202, or a wiring connected to a conduction control 
(switching) element such as a transistor or a diode, and 
206 designates an insulation layer which insulates the 
wiring 205 and the writing word line. The MTJ element 

201 is sandwiched and connected between the bit line 

202 and the wiring 205. 

[0082] On the other hand, in the prior art magnetic 
^memory element, as shown in FIG. 12, the bit line 302 
and the writing word line 303 are orthogonal to each oth- 
er, and the MTJ cell 301 is sandwiched and connected 
between the bit line 302 and the wiring 305 in such a 
manner that the magnetization easy axis of the MTJ cell 
301 Is directed to the bit line direction. It Is to be noted 
that reference numeral 305 denotes a reading word line, 
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or a wiring connected to a conduction control element 
such as a transistor or a diode, and 306 designates an 
insulation layer which insulates the wiring 305 and the 
writing word line 303. 

[0083] In case of using the above-described structure, 
when the pulse currents In opposite directions are 
caused to flow to the upper and lower parallel wirings, 
the switching magnetic field curve is deformed as indi- 
cated by A in FIG. 1 3, and writing can be earned out with 
a smaller magnetic field than that of the prior art asteroid 
curve B. 

[0084] In detail, in the conventional cross point archi- 
tecture such as shown in FIG. 12, the asteroid curve is 
as indicated by B in FIG. 13. When the magnetic field 
outside this curve is given, inversion of the spin occurs. 
As apparent from FIG. 13, when a synthetic magnetic 
field of the magnetic field generated by the upper wiring 
and the magnetic field generated by the lower wiring has 
a direction of 45*', inversion of the spin occurs with the 
smallest magnetic force. Therefore, when the magneti- 
zation easy axis of the MTJ element 201 is inclined by 
substantially 45° with the bit line 201 and the writing 
word line 203 being parallel to each other, the switching 
magnetic field curve can be minimized as indicated by 
A In FIG. 13. 

[0085] In case of such a structure, even If the wiring 
rule is reduced to 0.1 p,m and a distance between adja- 
cent cells is decreased, there is no problem of crosstalk 
since the shield material 204 is applied to the wirings 
202 and 203 and the switching magnetic field curve has 
an advantageous shape with respect to crosstalk. 
[0086] In case of this structure, it is preferable that the 
length of the shield material 204 applied to the wirings 
202 and 203 is at least 1 ,2-fold or above of the length 
of the MTJ cell 201 in the longitudinal direction. When 
the length of the shield material 204 is longer than this 
length, the advantage that the shield material 204 rein- 
forces the electric current magnetic field can be provid- 
ed, and hence the switching magnetic field curve can 
be decreased in the direction along which the switching 
magnetic field becomes smaller. 
[0087] Concrete embodiments which realize the 
above structure will now be described as the sixth to 
ninth embodiments. 

(Sixth Embodiment) 

[0088] FIG. 1 4 is a typical connection diagram show- 
ing a structure of a memory cell array (magnetic memory 
device) according to the sixth embodiment, and the 
memory cell has an architecture of a simple matrix which 
does not Include a switching element such as a diode 
or a transistor 

[0089] A plurality of bit lines BL (second writing lines) 
and a plurality of reading word lines WL substantially 
vertically cross each other, and an MTJ cell 201 is con- 
nected between the bit line BL and the reading word line 
WL at each intersection. A writing word line WL* (first 



writing line) is provided in parallel with each bit line, and 
the writing word line WL' and the bit line BL cross each 
other with an angle of substantially 45 degrees relative 
to the direction of the easy axis of the MTJ cell. As shown 
5 In FIG. 1 1 , a magnetic shield is applied to these bit lines 
BL and the writing word lines WL'. There are provided 
a column decoder 211 which selects the reading word 
line WL and a row decoder 212 which selects the bit line 
BL and the writing word line WL' outside the memory 
10 cell array. 

[0090] Incidentally, although a number of each of the 
bit lines BL, the reading word lines WL and the writing 
word lines WL' is only three In FIG. 1 4, a desired number 
of such lines may be provided. This can be similarly ap- 
^5 plied to the connection diagram in the later-described 
embodiments. 

[0091] Since writing Is enabled with a smaller mag- 
netic field than that In the prior art when the above-de- 
scribed structure is adopted, power consumption during 
20 the writing operation is lowered, and electromigration Is 
also suppressed, thereby providing the memory and the 
wiring structure having no crosstalk. 
[0092] Meanwhile, when using this architecture, since 
the resistance of the MTJ cell must be larger than those 
25 of the bit line BL and the writing word line WL', it is pref- 
erable that a number of the MTJ cells per block of the 
memory is not more than 10 Kbit, and more preferably 
not more than 3 Kbit. 

30 (Seventh Embodiment) 

[0093] FIG. 1 5 is a typical connection diagram show- 
ing a structure of a memory cell array (magnetic memory 
device) according to the seventh embodiment. The 
35 memory cell array according to this embodiment has an 
architecture in which bit lines BL, reading word lines WL 
crossing the bit lines BL, and writing word lines WL' par- 
allel to the bit lines BL are arranged in the matrix of the 
memory cell comprised of MTJ cells 201 and diodes 207 
40 each of which is connected to this cell, as similar to the 
sixth embodiment. 

[0094] Furthermore, in the seventh embodiment, the 
magnetization easy axis of the MTJ cell 201 forms an 
angle of substantially 30-60 degrees relative to the bit 
45 line BL and the writing word line WL', and a magnetic 
shield (not shown) is applied to the bit line BL and the 
writing word line WL'. 

[0095] As a result, the advantage similar to that of the 
sixth embodiment can be obtained, and addition of the 
so diode 207 to the MTJ element 201 in series can realize 
the active matrix type memory cell array. 

(Eighth Embodiment) 



55 [0096] FIG, 1 6 is a typical connection diagram show- 
ing a structure of a memory cell array (magnetic memory 
device) according to an eighth embodiment. The mem- 
ory cell array according to this embodiment has an ar- 
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chitGCture in which bit lines BL, reading word lines WL 
crossing the bit lines BL, and writing word lines WL* par- 
allel to the bit lines BL are an^anged in a nnatrix of the 
nnemory cell comprised of MTJ cells 201 and MOSFETs 
208, as similar to the sixth embodiment. 5 
[0097] Inthis architecture, the magnetization easy ax- 
is of the MTJ cell 1 likewise forms an angle of substan- 
tially 30-60 degrees relative to the bit line BL and the 
writing word line WL', and a magnetic shield (not shown) 
is applied to the bit line BL and the writing word line WL*. io 
[0098] As a result, the advantage similar to that of the 
sixth embodiment can be obtained, and adding the 
MOSFET 208 to the MTJ element 201 can realize the 
active matrix type memory cell array. 

[0099] As a concrete example, description will now be is 
given as to an example in which a test element (TEG1) 
having the 3 x 3 cell matrix was fabricated by using the 
memory cell according to this embodiment comprised 
of the MOSFETs and the MTJ cells. For the purpose of 
comparison, a test element (TEG2) having the 3 x 3 cell 20 
matrix structure was fabricated with the architecture of 
the regular MOSFETs and MTJ cells shovyn in FIG. 12, 
and the switching magnetic field characteristics were 
compared. In regard to wirings, there were used the 
Al-Cu wiring, the wiring rule of 0.1 75 ^.m, and an aspect 
ratio of the wiring cross section being 1 :2. The wiring 
whose cross section Is longer in the vertical direction 
than the horizontal direction was used. 
[01 00] The both MTJ cells had an elliptical shape, and 
the magnetization easy axis of the MTJ cell was inclined 30 
approximately 45° relative to the wirings (the bit lines 
and the writing word lines) in theTEGI using the struc- 
ture according to this embodiment (FIG. 11). A shield 
material was fabricated by the plating method using Ni- 
Fe. Before film fomiation of each wiring, plating process- 35 
ing was carried out, and a distance between the MTJ 
cell and the bit line BL or the writing word line WL' was 
designed to be nearly same In the both test elements. 
[0101] In the both test elements, the ferromagnetic 
double tunneling junction (Ta/lr-Mn/(CoFe/Ru/CoFe)/ 40 
AIO^Ni-Fe/AIO/(CoFe/Ru/CoFe)/lr-Mn/Ta) was used 
for the MTJ cell. 

[0102] . For the MTJ cell, film formation was carried out 
by using an ultra-high vacuum sputtering device, and 
AIO^ was fabricated by the method which performs plas- ^5 
ma oxidation after film formation of Al. FIG. 17 shows a 
switching magnetic field curve C when using the archi- 
tecture of this embodiment, and a switching magnetic 
field curve D when using a regular architecture illustrat- 
ed in FIG. 12. As shown in FIG. 17, itwas confimriedthat so 
the switching magnetic field curve according to this em- 
bodiment was considerably minimized and it is possible 
to provide the memory structure which can reduce pow- 
er consumption during the writing operation and does 
not cause a problem of crosstalk and electromigration. 55 



(Ninth Embodiment) 

[0103] FIG. 1 8 Is a typical connection diagram show- 
ing a structure of a memory cell array (magnetic memory 
device) according to the ninth embodiment. Although 
the memory cell array according to this embodiment has 
an architecture In which bit lines BL and reading word 
lines WL substantially orthogonal to each other are ar- 
ranged in a matrix of the memory cell comprised of MTJ 
cells 201 and MOSFETs 208, writing word lines WL' are 
arranged in parallel to the reading word lines WL, and 
the bit lines BL and the writing word lines WL' are parallel 
to each other only at positions where they run above or 
below the MTJ cells 201 . 

[01 04] FIG . 1 9 is a typical plan view showing the wir- 
ing state of a part 19 in FIG. 18. In this case, the word 
line WL' is an underpart wiring, and the bit line BL is an 
upper wiring. Also, the MTJ element 201 is connected 
to the lower plane of the bit line BL, and the magnetiza- 
tion easy axis of the MTJ element 201 is arranged so as 
to be inclined approximately 45° relative to the bit line 
BL and the part of the word line WL' arranged under the 
bit line BL in the insulating manner. 
[0105] FIG. 20 is a typical cross-sectional view of the 
memory cell portion in FIG. 18, and the upper half part 
of this drawing shows the positional relationship of the 
upper wiring (BL) and the underpart wiring (WL') illus- 
trated in FIG. 19 in the cross-sectional manner. That is, 
although the underpart wiring (WL') is arranged vertical- 
ly to the upper wiring (BL) in the right part in FIG. 20, it 
is parallel to the upper wiring (BL) in the central part in 
FIG. 20, and the MTJ cell 201 and the diode 209 are 
sandwiched between the underpart wiring and the upper 
wiring. 

[01 06] However, the diode 209 is not necessary when 
the resistance of the MTJ cell 201 is approximately five 
times larger than the On resistance of the MOSFET 208. 
Although not apparent in the cross-sectional view, the 
MTJ cell 201 is arranged in such a manner that its mag- 
netization easy axis is inclined approximately 45** rela- 
tive to the upper wiring and the underpart wiring. 
[0107] If the above-described structure Is adopted, 
the advantage similar to that in the eighth embodiment 
can be obtained. Also, since wiring the reading word line 
WL and the writing word line WL' in the same direction 
can suffice, arrangement of the word line drive circuit 
(decoder) can be simplified. 

[0108] In the sixth to ninth embodiments, a column de- 
coder 21 1 and a row decoder 21 2 used for selecting the 
bit line BL, the reading word line WL and the writing word 
line WL' are arranged around the memory cell array, and 
"1" or *'0" is judged based on whether a signal voltage 
from the MTJ cell is larger or smaller than that from a 
reference cell (not shown) arranged for each memory 
blocl<. 

[01 09] As to a voltage value of the reference cell, it is 
preferable to use the reference ceij having a voltage val- 
ue which is between a voltage value in the state that 
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arrangement of adjacent spins having a high signal volt- 
age of the MTJ cell is anti-parallel and a voltage value 
rn the state that arrangement of adjacent spins having 
a snrtall signal voltage is parallel. 
[OilO] As described above, the first to fifth embodi- 
ment have disclosed the technique for inclining the syn- 
thetic magnetic field obtained from the upper writing line 
and the lower writing line with respect to the magnetiza- 
tion easy axis and facilitating inversion of magnetization 
and the sixth to ninth embodiment have disclosed the 
technique for arranging the MTJ cell, whose magnetiza- 
tion easy axis is inclined approximately 30-60 degrees 
at a parallel portion of the upper writing line and the low- 
er writing line and facilitating inversion of magnetization 
In order to further facilitate magnetization Inversion uti- 
lization of a yoke or a magnetic bias film can be consid- 
ered. As the extension of the first to fifth embodiments 
embodiments having a yoke or a magnetic bias film add- 
ed thereto will now be described hereinafter as tenth to 
12th enribodlments. 



(Tenth Embodiment) 

[0111] FIG. 21 Is a plan view typically showing from a 
substrate surface side a cell layout according to the 
tenth embodiment. FIG. 22A is a cross-sectional view 
of a memory cell taken along the line 22A-22A in FIG. 
21 , and FIG. 22B is a cross-sectional view of the mem- 
ory cell taken along the line 22B-22B in FIG. 21 . It is to 
be noted that like reference numerals denote parts 
equal to those in the first embodiment. 
[0112] In FIG. 21 , reference numerals 11 and 12 de- 
note first writing lines; 21 and 22. second writing lines- 
101 and 102, MTJ cells; and 31 and 32, contact holes' 
Further, in FIGS. 11A and 118, reference numeral 41 
designates a lower electrode; 501 and 502. diffusion ar- 
eas of selected transistors; and 51 , a word line of a se- 
lected transistor. The first writing line and the second 
wnting line are electrically insulated. Furthermore the 
second writing line is electrically connected to the MTJ 
element and also serves as a data line. 
[01 13] In FIGS. 21 , 22A and 228. reference numeral 
601 denotes a lower magnetic circuit; 602, a magnetic 
flux guide (yoke); and 603, an upper magnetic circuit 
They form magnetic shields 61 and 62. 
[0114] The basic cell an-angement in the tenth em- 
bodiment is the same as that of the third embodiment 
In this embodiment, the magnetic shield is applied to the 
first writing wiring and the second writing wiring in the 
vicinity of the MTJ cell. The magnetic shield according 
to this embodiment is configured to converge the mag- 
netic fields obtained from the two wirings to the vicinity 
of the MTJ element by using the lower magnetic circuit 
and the upper magnetic circuit respectively and apply 
the converged magnetic field to this element by using 
the magnetic flux guide. 

[0115] The magnetic shield is formed in parallel with 
the first and second writing lines. The direction of the 



magnetic field generated from the second writing line is 
parallel to the magnetization easy axis of the magnetic 
shield. It is preferable that the length of the magnetic 
shield IS at least 1 .S-fold or above of the length of the 
5 element in the writing line direction. 

[0116] As a material used for the magnetic shield it 
IS possible to use permalloy which is a high-permeability 
magnetic material, Ni group alloy such as pennalloy 
having Mo added thereto, and Fe group alloy such as 
^0 Sendust. Also, an oxide ferromagnetic material such as 
ferrite can be used. 

[0117] The pulse width of the writing electric current 
IS usually not more than 1 00 ns during the MRAM writing 
operation. Therefore, the magnetic shield material must 
have the characteristic that the magnetization response 
can follow the writing current pulse. For this purpose it 
IS desirable to satisfy conditions (1 ) that the permeability 
IS at least not less than 100 when the magnetic field is 
just over zero, (2) that saturation magnetization is small 
20 and (3) that the specific resistance of the material is 
high. In order to satisfy these conditions, adding an ad- 
ditive to the alloy or adding metalloid such as Si or B or 
an additive from which a grain boundary precipitation 
such as Cu, Cr or V can be easily produced and forming 
25 a microcrystal aggregate or amorphous is a preferable 
conformation. 

[0118] Moreover, optimizing the shape is more pref- 
erable for the purpose of controlling the magnetic do- 
main in the magnetic shield. 
30 [0119] The magnetic shield has advantages of (1) that 
It can effectively apply the magnetic field generatedfrom 
the winng to the MTJ cell in order to converge the mag- 
netic flux generated around the wiring into the magnetic 
circuit, (2) that the magnetic field of the layer can be re- 
.55 inforced by optimizing the structure in such a manner 
that the passing magnetic flux of the magnetic circuit can 
be effectively applied to the vicinity of the element, and 
(3) that the erroneous writing margin relative to the half- 
selected cell can be increased since the leakage flux 
^0 from the wiring can be intercepted by the magnetic cir- 
cuit. In particular, as with this embodiment, when the 
MTJ cell IS configured to be completely covered with the 
upper magnetic circuit and the lower magnetic circuit 
not only the advantage of (3) can be improved, but also 
45 a new advantage that the effect of the magnetic shield 
can be provided to the extemal magnetic field. In this 
case, the extemal magnetic filed includes the magnetic 
field from the neighboring wiring. 
[0120] In the cell structure according to this embodi- 
so ment shown in FIG. 23, of the magnetic field Hx gener- 
ated at the bent portion of the first writing line, a com- 
ponent parallel to the direction of the magnetic field Hy 
generated by the second writing line is reinforced by the 
magnetic shield, but a component vertical to Hy is not 
55 reinforced by the magnetic shield. That is. the magnetic 
shield of this embodiment has a function of selecting on- 
ly a unidirectional component in the magnetic field in an 
. arbitrary direction from the wiring and reinforcing it 
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(11th Embodiment) 

[0121] In the tenth embodiment, since a component 
In Hx which is parallel to the direction of the magnetic 
field Hy generated by the second writing line is rein- 
forced, the magnetic field component in the direction of 
the magnetization hard axis effectively becomes very 
small. Similarly, when the magnetic field component 
from the wiring in the direction of the magnetization hard 
axis is very small, or when the magnetic field component 
in the direction of the magnetization hard axis does not 
exist, the operation point setting such as described in 
the first embodiment is difficult if used as it is. 
[0122] In order to improve this problem, as typically 
shown in FIGS. 24A and 24B, it is effective to arrange 
bias films 701 and 702 in the vicinity of the MTJ cell 1 01 
and apply the bias magnetic field in the direction of the 
element hard axis. It Is good enough to set the magnet- 
ization direction of the bias films 701 and 702 to the di- 
rection of the magnetic field which should be applied to 
theMTJcell. For example, in orderto apply the magnetic 
field along the hard axis of the MTJ cell, setting the mag- 
netization direction of the bias film so as to be parallel 
to the magnetization hard axis can suffice. 
[0123] As to arrangement of the bias films 701 and 
702, there are a method to arrange the bias films adja- 
cent to the MTJ cell 101 as shown in FIG. 24A and a 
method to arrange them so as to overlap the MTJ cell 
as shown in FIG. 24B. 

[0124] As to the former method, control is easy since 
the intensity of the bias magnetic field varies depending 
on a distance between the MTJ cell 101 and the bias 
film, but It is hard to increase the Intensity of the bias 
magnetic field. 

[0125] In regard to the latter method, there can be 
considered the three cases, i.e., when the MTJ cell 1 01 
is directly connected to the bias films 701 and 702 in the 
switched manner, when interlayer coupling through a 
non-magnetic film and an insulation film is provided, and 
when magnetic coupling is hardly provided. When there 
is any magnetic coupling between the MTJ cell 101 and 
the bias films 701 and 702, the intensity of the bias mag- 
netic field can be sufficiently Increased, which is advan- 
tageous. Further, magnetic domain control caused at an 
end of the MTJ cell 101 can be effectively carried out. 
[0126] As the bias film, it is possible to use (1 ) a high- 
coercivity magnetic film having higher coercivity than 
that of the MTJ cell 1 01 and (2) a soft magnetic film hav- 
ing lower coercivity than that of the MTJ cell 101 . 
[0127] In case of (1), the bias film can be arranged 
inside the magnetic flux guide 602 forming the magnetic 
shield 61 . In such a case, intensity of the anisotropic 
magnetic field of the bias film must be sufficiently higher 
than that of the magnetic field generated In the magnetic 
flux guide 602. 

[0128] As such a bias film, for example, It Is possible 
to use hard magnetic alloy such as CoR alloy or a Co/ 
Pt multi-layer film, a multi-layer film, a multi-layer film 



having the strong Interlayer coupling such as a Co/Cu 
multi-layer film, a laminated film of an antiferromagnetic 
material such as RMn and the hard magnetic alloy, and 
others. In this case, besides having the large anisotropic 
5 magnetic field, sufficiently high saturation magnetiza- 
tion of the film is necessary. 

[0129] In case of (2), it is difficult to arrange the bias 
film inside the magnetic flux guide 602 forming the mag- 
netic shield 61 , and it must be arranged outside the mag- 

10 netic flux guide 602. Outside the magnetic flux guide 
602, the direction of a line of magnetic force has a com- 
ponent in the direction of the magnetization hard axis 
because of the influence of the magnetic pole at the end 
of the magnetic flux guide 602. When such a soft mag- 

15 netic film as that magnetization inversion is caused to 
the magnetization hard axis of the MTJ cell due to the 
component In the magnetization hard axis is used for 
the bias film. It Is possible to provide the effective bias 
magnetic field in the direction of the hard axis. 

20 [0130] As such a bias film, for example, it is possible 
to use soft magnetic alloy such as NiFe alloy and amor- 
phous alloy. In this case, not only the magnetic field must 
have the high permeability in the vicinity of zero, but also 
saturation magnetization of the film must be sufficiently 

25 large. 

[0131] Description will be given as tothe sell selection 
operation when such a bias magnetic field is applied 
with reference to FIG. 25. Here, It Is assumed that the 
generated magnetic fields together with the first and 

30 second writing lines are parallel to the magnetization 
easy axis of the tunneling junction element. As shown 
in the drawing, in the selected cell, since the magnetic 
field along the hard axis Hb exists in addition to the mag- 
netic fields Hx + Hy in the direction of the easy axis, the 

35 synthetic magnetic field exceeds the switching thresh- 
old value. On the other hand, in the half-selected cell, 
the magnetic field along the easy axis is either Hx or Hy. 
Also, even If the magnetic field along the hard axis Hb 
is synthesized, ft does not exceed the switching thresh- 

^0 old value. 

[01 32] As in this embodiment, when the bias magnetic 
field is applied by the bias film, the current value required 
for the writing operation can be reduced. When the cur- 
rent value is reduced, not only power consumption is 

45 reduced, but also Improvement In the erroneous writing 
margin of the half-selected cell and Improvement in du- 
ration of life of the wirings can be expected, thereby in- 
creasing the advantage. 



IP133] FIG. 26 is a plan view typically showing from 
the substrate side a cell layout according to the 12th em- 
bodiment of the present invention. FIG. 27A is a cross- 
es :sectional view of a memory cell taken along the line 27A- 
27A in FIG. 26, and FIG. 27B is a cross-sectional view 
of the memory cell taken along the line 7B-7B in FIG. 26. 
[0134] In FIG. 26, reference numerals 11 and 12 de- 
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note first writing lines; 21 and 22, second writing lines; 
and 101 and 102, MTJ elements. Further, In FIG. 27A 
and27B, reference numeral 41 designates a lower elec- 
trode; 601 . a magnetic circuit; 602, a magnetic flux 
guide; and 61 and 62, magnetic shields. The firet writing 
line and the second writing line are electrically connect- 
ed through to the lower electrode and the MTJ cell, and 
also sen/e as sense current circuits with respect to the 
MTJ cell. 

[0135] Although the structure of this embodiment is 
equal to that of the tenth embodiment, it is characterized 
in that the first writing line and the second writing line 
are positioned on the same plane in the vicinity of the 
MTJ ceil. This structure is suitable for application to a 
granular tunneling junction element such that a tun- 
neling current flows substantially in the film plane, or a 
planar tunneling junction element of, e.g., a lamp edge 
type. 

[0136] During the writing operation, although a poten- 
tial difference occurs between the first and second writ- 
ing lines, a preferable conformation Is that the lower 
electrode 41 is configured by an element having rectifi- 
cation for the purpose of reducing the influence of a leak- 
age current, destruction of the element or the like. 
[0137] Description will now be given as to an embod- 
iment of the magnetic memory device in which a soft 
magnetic bias layer is given to the memory cell having 
the ferromagnetic tunneling junction including at least 
one tunneling ban-ier layer, at least two ferromagnetic 
layers and at least one antlferromagnetic layer in the di- 
rection of the magnetization easy axis of the memory 
cell. 

[0138] FIG. 28 is a view showing the MTJ cell from 
above. In this embodiment, a soft magnetic bias layer 
210 is given adjacent to a memory layer of the MTJ cell 
201 , In the bias layer 210, when the magnetic field does 
not exist (H = 0), an edge domain is generated at the 
end. However, when the bias magnetic field is given, the 
spin inverts. In this manner, since the soft bias layer'first 
inverts in accordance with the electric current magnetic 
field, the switching magnetic field of the MTJ cell 201 
becomes small due to the bias magnetic field from the 
soft magnetic layer. 

[0139] FIG. 21 shows the rectangular MTJ cell shape, 
and FIG. 11 shows the elliptical MTJ cell shape. How- 
ever, the cell shape does not have to be rectangular or 
elliptfcal. For example, it is possible to employ various 
cell shapes such as shown in FIGS. 29A to 29D. FIGS. 
29A and 29B show examples of the above-described 
elliptical and circular MTJ cell shapes, and FIGS. 29C 
and 29D show examples of rhomboidal and parallelo- 
gram MTJ cell shapes. Any shape can be used for the 
soft bias layer. When elliptical, circular, parallelogram 
and rhomboidal shapes are used, however, the bias 
nnagnetic field is effectively applied since the stmcture 
is similar to a single magnetic domain structure, and the 
erroneous operation is reduced. Furthermore, in case 
of the circular shape, the cell structure becomes mini- 



mum, which Is preferable. 

[01 40] Moreover, by controlling the soft magnetic lay- 
er and the MTJ cell to sub-micron or a smaller unit, the 
electrostatic magnetic coupling is generated between 
5 the MTJ cell and the soft magnetic layer. Therefore, as 
shown in FIG. 29B, the magnetization easy axis can be 
defined in the direction of the soft magnetization layer 
without employing the elongated shape of the MTJ cell 
201 as shown in FIG. 29B. Also, since an area of the 
10 cell can be reduced, the magnetic memory device with 
the higher capacity (MRAM) can be manufactured. In 
such structures, the circular structure shown in FIG. 29B 
demonstrates the minimum switching magnetic field. 
[0141] In addition, when the sixth to ninth embodi- 
es ments are combined and used, the switching magnetic 
field becomes minimum. In such a case, It is preferable 
to incline the axial direction connecting the soft bias lay- 
ers to the direction of approximately 45^ relative to the 
wiring direction. A 1 3th embodiment is such an example. 

(13th Embodiment) 



[0142] In the 13th embodiment, a test element (TEGS) 
of the 3 X 3 cell matrix having the eighth element (FIG. 
25 1 6) stmcture including the MTJ cell 1 and the MOSFET 
having the FIG. 298 structure and atest element (TEG4) 
of the 3 X 3 cell matrix structure according to the eighth 
embodiment (FIG. 16) having the simple elliptical MTJ 
cell were manufactured, and their switching magnetic 
30 field characteristics were compared. 

[0143] In regard to a wiring, an Al-Cu wiring was used, 
and it was determined the wiring rule is 0.25 ^m and the 
cross-sectional aspect ratio of the wiring Is 1 :2. In addi- 
tion, the wiring whose cross section is longer in the ver- 
35 tical direction than the horizontal direction was used. In 
the both test elements, the magnetization easy axis of 
the MTJ cell is inclined to the direction of 45° with re- 
spect to the wirings (the bit line BL and the writing word 
line WL'). Nl-Fe was used as a shield material, and the 
^0 CVD method was employed for manufacturing. Before 
film formation of each wiring. CMP processing was ear- 
ned out, and a distance between the MTJ cell and the 
bit line BL or the writing word line WL' was designed to 
be equal in the both test elements. As the MTJ cell, the 
45 ferromagnetic double tunneling Junction (Ta/Ni-Fe/R- 
Mn/(CoFe/Ru/CoFe)/AIOx/(Co-Fe-NI/Cu/Co-Fe-NI)/ 
AIOx/(CoFe/Ru/CoFe)/Pt-Mn>Ta) was used in the both 
test elements. 

[0144] Film formation of the MTJ cell 201 was per- 
so formed by using an ultra-high vacuum sputtering device, 
and AIO^ was manufactured by the method which ef- 
fects plasma oxidation after fomiing a film of Al. FIG. 30 
shows the switching magnetic field curves when using 
the architecture (TEG3) according to the 13th embodi- 
es ment (E) and when using the structure (TEG4) accord- 
ing to the eighth embodiment (F). As illustrated in FIG, 
30, the switching magnetic field curve according to the 
eighth embodiment is considerably reduced as com- 
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pared with the eighth embodiment. As a result, power 
consumption during the writing operation is decreased, 
and It was confirmed that a memory structure which 
does not generate problems of crosstalk and EM can be 
provided. 5 
[0145] Incidentally, although description has been 
given as to the example of the combination of the eighth 
embodiment and the soft magnetic bias layer in the 1 3th 
embodiment, the combination Is not restricted to the 
eighth embodiment, and the soft magnetic bias layer io 
can be combined with the first to seventh and ninth em- 
bodiments. 

[0146] The magnetic memory device described In 
connection with the first to 13th embodiments is prefer- 
ableto be mounted in a memory portion of, e.g., amobile ?5 
phone. 

[0147] incidentally, in the first to 13th embodiments, 
as the MTJ element (cell) structure, It is preferable to 

adopt a so-called spin valve type which provides the an- 
tiferromagnetic layers 221 and 231 as shown in FIGS. 20 
31 and 32. IncidentaHy, In FIG, 31 , reference numerals 
222 and 224 denote ferromagnetic layers and 223 des- 
ignates a tunneling barrier layer, and this drawing shows 
the tunneling junction structure having at least one tun> 
neling barrier layer, at least two ferromagnetic layers 25 
and at least one antiferromagnetic layer. Additionally, in 
FIG. 32, reference numerals 232, 234 and 236 denote 
ferromagnetic layers; 233 and 235, tunneling barrier lay- 
ers; and 231 and 237, antiferromagnetic layers. 
[0148] Further, the ferromagnetic layer (magnetically 30 
pinned layer) 232 can be, as shown in FIG. 33, substi- 
tuted by a so-called antiferromagnetic coupling layer in 
which the three-layer structure of (the ferromagnetic lay- 
er 232-1/the nonmagnetic layer 238Ahe ferromagnetic 
layer 232-2) realizes the antiferromagnetic coupling 35 
through the nonmagnetic layer. 

[0149] Since the spin of the pinned layer can be fur- 
ther strongly fixed by using this three-layer structure as 
the pinned layer, there can be obtained merits that some 
magnetic moments of the pinned layer are caused to 40 
rotate due to writing for several times and the output is 
gradually lowered and that a film thickness of the antif- 
erromagnetic film can be reduced and the fonming ac- 
curacy can be increased, thereby reducing Irregularities 
in the switching magnetic field. 45 
[0150] Furthermore, it is preferable to use the three- 
layer structure of (the ferromagnetic layer/the nonmag- 
netic layer/the ferromagnetic layer) for the magnetic re- 
cording layer. In this case, it is preferable to provide the 
ferromagnetic layer coupling between the ferromagnetic so 
layers. When this structure is used for the magnetic re- 
cording layer, the dependency of the switching magnetic 
field on the cell width is small, and increase in the switch- 
ing magnetic field is small even if the cell width is re- 
duced, which increases the capacity of the M RAM . Also, 55 
even If the cell width of the MTJ element is reduced, 
there is no problem of increase in power consumption 
or electromlgration of the wirings during the writing op- 



eration, thus manufacturing the MRAM with the higher 
capacity. The smaller intensity of the ferromagnetic cou- 
pling Is preferable, and the switching magnetic field be- 
comes smaller as the intensity is lowered. 
[0151] In this embodiment, elements and types of the 
ferromagnetic layer are not restricted in particular, and 
it is possible to use Fe, Co, Ni, or alloy of such materials, 
magnetite having the high spin polarlzabllity, oxides 
such as Cr02, RXMn03.y (R: rear earth, X: Ca, Ba, Sr), 
Heusler alloy such as NiMnSb, PtMnSb, or a magnetic 
semiconductor such as Zn-Mn-O, Ti-Mn-O, CdMnPg, 
AnMnPg. 

[0152] The ferromagnetic layer used In the embodi- 
ments according to the present invention must have a 
film thickness such that the superparamagnetism is not 
provided, and it is preferable that the film thickness is 
not less than 0.4 nm. Further, if the film thickness Is very 
large, the switching magnetic field and the magnetostat- 
ic leakage field become large. Therefore, the film thick- 
ness should be preferably not more than 3.0 nm. Fur- 
thermore, even If a nonmagnetic element such as Ag, 
Cu, Au, Al, Mg, Si, Bi. Ta, B, C. O, N, Pd, R, 2r, Ir, W, 
Mo or Nb Is included in these magnetic materials to a 
certain degree, this can be allowed as long as the fer- 
romagnetism is not lost. 

[0153] As the antiferromagnetic film, it is possible to 
use Fe-Mn, Pt-Mn. Pt-Cr-Mn, Ni-Mn, Ir-Mn, Ru-Mn and 
others. In case of using the three-layer film of the ferro- 
magnetic layerAhe nonmagnetic layer/the ferromagnet- 
ic layer for a free (recording) layer, Cu, Au, Ru, Ir, Rh, 
Ag and others can be used for the nonmagnetic layer. 
[0154] As the dielectric material or the insulating lay- 
er, it is possible to use various dielectric materials such 
as AI2O3. SiOg, MgO, AIN, AlON, GaO, BigOa, SrTiOg, 
AILaOg and others. Oxygen or nitrogen may be lost to 
a certain degree in these materials. 
[0155] It is preferable that a thickness of the dielectric 
layer depends on a junction area of the MTJ element 
and is not more than 3 nm. A substrate material is not 
restricted to a specific type in particular, and Si, SIO2, 
AI2O3, AIN or the like can be manufactured on the sub- 
strate. It is preferable to use as an underlying layer and 
a protection layer, Ta, Ti, R, Au, Ti/Pt, Ta/Pt, Ti/Pd, Ta/ 
Pd or the like on the substrate. 

[0156] Such a magneto resistive element (MTJ ele- 
ment) can be manufactured by using a regular thin film 
forming device which adopts various kinds of sputtering 
methods, evaporation methods, molecular beam epi- 
taxy methods or the like. 

[0157] As described above, according to the present 
Invention, it Is possible to provide the high-density mag- 
netic memory device which can greatly reduce power 
consumption during the writing operation and eliminate 
problems of the conventional magnetic memory device 
(MRAM), that is, large power consumption, crosstalk, 
electromlgration (EM) and others. 
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Claims 

1 . A magnetic memory device characterized by com- 
prising: 

5 

a plurality of magnetoresistive elements (101, 
1 02, 201 ) arranged on a first plane in rows and 
columns; 

a plurality of first writing lines (10-12, 203) ar- 
ranged adjacent to said magnetoresistive ele- io 
ments on a second plane different from said 
first plane; 

a first address decoder (110,211) which selects 
a desired one from said plurality of first writing 
lines; 15 
a plurality of second writing lines (20-22, 202) 
crossing said plurality of first writing lines on a 
third plane different from said second plane, 
and having parts adjacent to said plurality of 
magnetoresistive elements and parallel to said 20 
plurality of first writing lines; and 
a second address decoder (1 20, 21 2) which se- 
lects a desired one from said plurality of second 
writing lines. 

25 

2. The magnetic memory device according to claim 1 , 

characterized in that said plurality of mag- 
netoresistive elements (201) are respectively pro- 
vided directly above said plurality of first writing 
lines (203), each of said magnetoresistive elements 30 
has at least two ferromagnetic layers (222, 224, 
232, 234, 236) and at least one tunneling barrier lay- 
er (223, 233, 235) therebetween, and a magnetiza- 
tion easy axis thereof has an angle of substantially 
30^-60" relative to said plurality of first writing lines; 35 
and 

at least one of said plurality of first wiring lines 
(203) and second writing lines (202) are connected 
to said plurality of magnetoresistive elements. 

40 

3. The magnetic memory device according to claim 2, 
characterized in that said plurality of first writing 
lines (203) and said plurality of second writing lines 
(202) have a plurality of magnetic shields (204) 
which intercept Influence of an extemal magnetic 45 
field at least in the vicinity of said plurality of mag- 
netoresistive elements. 

4. The magnetic memory device according to claim 1 , 
characterized in that said plurality of first writing so 
lines (10-12) and said plurality of second writing 
lines (20-22) are arranged on the same plane dif- 
ferent from a plane where said plurality of magne- 
toresistive elements (101, 102) are arranged. 

55 

5. The magnetic memory device according to claim 1 , 
characterized In that selection is carried out by 
giving column and row addresses of a selected el- 
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ement to said first address decoder (11 0, 21 1 ) and 
said second address decoder (120, 212), respec- 
tively, and data Is selectively written into said plu- 
rality of magnetoresistive elements (101 , 1 02, 201 ). 

6. A magnetic memory device characterized by com- 
prising: 

a first writing line (10-12) an^anged on a first 
plane; 

a second writing line (20-22) arranged on asec- 
ond plane different from said first plane and has 
a first part extended from one direction vertical 
to said first writing line, a second part connect- 
ed to said first part at one end portion thereof 
and overlaps said first writing line, and a third 
part connected to said second part at the other 
end portion thereof, and extended vertically to 
said first writing line on an opposite side of said 
fir^t part, the relationship of 2a > b > 0 being 
provided wherein a Is a line width of said first 
and said second writing line and b is a shortest 
distance between a central line of said first part 
and a central line of said third part of said sec- 
ond writing line; and 

a magnetoresistive element (101, 102) sand- 
wiched between said first writing line and said 
second part of said second writing line and con- 
nected to either said first writing line or said sec- 
ond writing line. 

7. The magnetic memory device according to claim 1 
or 6, characterized by further comprising a high- 
coercivity magnetic film (701 , 702) configured to ap- 
ply a bias magnetic field to said magnetoresistive 
element (101, 102). 

8. The magnetic memory device according to claim 1 
or 6, characterized by further comprising: 

a magnetic circuit (601 , 603) which holds mag- 
netic field generated from said first writing line 
(10-12) and said second writing line (20-22); 
and 

a magnetic flux guide (602) which concentrates 
magnetic fluxes passing through said magnetic 
circuit (601, 603) on said magnetoresistive el- 
ement (1 01 , 1 02, 201 ), 

9. The magnetic memory device according to claim 1 
or 6, characterized in that said first writing line 
(1 0-12) and said second writing line (20-22) are ar- 
ranged on planes different from a plane where said 
magnetoresistive element (1 01 , 1 02) is an-anged to 
sandwich said magnetoresistive element therebe- 
tween in a direction vertical to said first plane. 

10. The magnetic memory device according to claim 1 
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or 6, characterized by further comprising: 

a plurality of first writing lines (10-12) in units of 
said first writing line; 

a plurality of second writing lines (20-22) in 5 
units of said second writing line; 
a plurality of nnagnetoresistive elements (101, 
102) in units of said magnetoresistive element; 
a first address decoder (110) which selects a 
desired one from said plurality of first writing io 
lines; and 

a second address decoder (1 20) which selects 
a desired one from said plurality of second writ- 
ing lines, 

15 

wherein selection is carried out by giving col- 
umn and row addresses of a selected element to 
said first address decoder and said second address 
decoder, and data is selectively written into said plu- 
rality of magnetoresistive elements. 20 

11. The magnetic memory device according to claim 1 
or 6, characterized in that each of said magnetore- 
sistive elements has at least two ferromagnetic lay- 
ers (222, 224, 232, 234, 236) and at least one tun- 25 
neling barrier layer (223, 233, 235) therebetween, 
and at least one layer of said ferromagnetic layers 
comprises a laminated layer including a three-layer 
structure of a ferromagnetic layer (232-2)/a non- 
magnetic metal layer (238)/a ferromagnetic layer 30 
(232-1). 

12. A magnetic memory device characterized by com- 
prising: 

35 

a plurality of ferromagnetic tunneling junction 
elements (201 ) arranged in a matrix fonn on a 
first plane and each of which has at least two 
ferromagnetic layers (223, 233, 235) including 
a magnetic recording layer and at least one tun- 40 
neling barrier layer (223, 233, 235) therebe- 
tween; and 

a plurality of soft magnetic bias layers (210) 
provided at both ends of said plurality of ferro- 
magnetic tunneling junction elements in a di- 45 
rection of a magnetization easy axis and having 
magnetism softer than said magnetic recording 
layer. 

13. The magnetic memory device according to any one so 
of claims 1 , 6 and 1 2, characterized In that at least 
one layer of said ferromagnetic layers (223, 233. 
235) comprises a laminated layer including a three- 
layer structure of a ferromagnetic layer (232-1 )/a 
nonmagnetic metal layer (238)/a f en-omagnetic lay- 55 
er (232-1). 

14. The magnetic memory device according to any one 



of claims 1 , 6 and 12, characterized by further 
comprising: 

a plurality of first writing lines (203) arranged on 
a second plane different from a first plane, on 
which said plurality of ferromagnetic tunneling 
junction elements (201 ) are formed, adjacent to 
said ferromagnetic tunneling junction ele- 
ments; and 

a plurality of second writing lines (202) crossing 
said first writing lines on a third plane different 
from said second plane and having parts adja- 
cent to said plurality of ferromagnetic tunneling 
junction elements and parallel to said plurality 
of first writing lines. 

15. The magnetic memory device according to claim 
12, characterized by further comprising: 

a plurality of word lines (WL1 -WL3) for reading 
which cross a plurality of bit lines, said bit lines 
(6L1-BL3) comprising said plurality of either 
first (203) or second (202) writing lines; and 
switching elements (207, 208) provided at re- 
spective intersection regions of said plurality of 
bit lines and said plurality of word lines and con- 
nected to said ferromagnetic tunneling junction 
elements in series. 
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